Organic dairy farmers often introduce alternative pasture species, such as chicory (Cichorium intybus) and narrow-leaved plantain (Plantago lanceolata), to their swards because of their higher mineral contents, yet they are concerned about the presence of weed species such as docks (Rumex spp.) and dandelion (Taraxacum officinale). The mineral content and nutritive value of both desired and less desired pasture components from an organic dairy farm were analysed and compared. Minerals such as magnesium, manganese, copper, zinc, boron, cobalt and selenium were often significantly higher in species such as chicory, narrow-leaved plantain, dandelion, broad-leaved dock (Rumex obtusifolius), Californian thistle (Cirsium arvense) and hairy buttercup (Ranunculus sardous) than the perennial ryegrass (Lolium perenne) and white clover (Trifolium repens) components of the sward. Likewise the crude protein levels of these species plus Yorkshire fog (Holcus lanatus) were significantly higher than for perennial ryegrass. Implications of these findings are discussed in terms of animal nutrition and health.
INTRODUCTION
Advisors within the organic agriculture movement are often keen to increase the diversity of plant species present within pastures, calling such mixtures "herbal leys" (Foster 1988) . One reason for seeking plant diversity is that many of the species planted in herbal ley mixtures have higher mineral contents than New Zealand's two main pasture species of perennial ryegrass and white clover, and this is considered to be desirable for animal health reasons. Chicory is one species advocated to be planted in herbal leys, as it has been shown to have higher levels of potassium, sodium, calcium, sulphur, boron, manganese and zinc than do perennial ryegrass or white clover (Hare et al. 1987) . Likewise, narrow-leaved plantain is considered a useful addition to pasture swards due to its higher mineral content and favourable nutritive value (Sanderson et al. 2003) .
At the organic dairy unit at Massey University, five of the main weed species are hairy buttercup, broad-leaved dock, Californian thistle, dandelion and Yorkshire fog. All of these have been observed being eaten by the cows, although Californian thistle is most likely to be eaten if mown prior to grazing. The objective of this work was to determine whether the mineral content and nutritive value of these unwanted plant species differs from the more desired species of perennial ryegrass, white clover, chicory and narrowleaved plantain. (Kelly et al. 2005) , mainly due to less docks and hairy buttercup in the latter.
MATERIALS AND METHODS
A 100 g (fresh weight) sample of each species listed in Table 1 was sampled from across each of three paddocks on the organic unit, and also from three conventional paddocks for perennial ryegrass, white clover, broad-leaved dock, hairy buttercup, dandelion and Californian thistle. The material was dried to 65°C and sub-samples were finely ground prior to the mineral composition of the samples being determined by Analytical Research Laboratories Ltd in Napier. They used a CEM Corporation closed vessel microwave to digest 0.5 g samples of dried plant tissue with 5 ml of concentrated nitric acid and 3 ml of hydrogen peroxide at a maximum temperature of 210°C. The resulting solution was diluted to 25 ml in reverse osmosis water and analysed with an inductively coupled plasma spectrophotometer, comparing results against a linear series of standard solutions of increasing concentration. The nutritive value of the samples was determined by FeedTECH, AgResearch, Palmerston North. Samples were analysed using near infrared reflectance spectroscopy (NIRS) as described by Corson et al. (1999) to determine the acid detergent fibre (ADF), ash and total crude protein content.
All data were subjected to analyses of variance using SAS, and least significant differences (LSD) were calculated at P=0.05 for each variable where significant differences were found.
RESULTS
All of the broad-leaved species tested contained at least one macronutrient at a significantly higher level than that found in either perennial ryegrass or white clover (Table 1) . Both chicory and narrow-leaved plantain had significantly higher levels of phosphorus, sulphur and sodium, with calcium higher in narrow-leaved plantain and magnesium higher in chicory. High macronutrient levels in more weedy species included elevated levels of phosphorus, magnesium and sodium in dandelion, sulphur and calcium in Californian thistle, and phosphorus and sodium in hairy buttercup.
Although chicory and narrow-leaved plantain had significantly higher levels of some micronutrients when compared with perennial ryegrass and white clover, a number of the weedy species also had elevated micronutrient levels (Table 2) . Zinc was significantly higher in chicory, narrow-leaved plantain, Californian thistle, dandelion and hairy buttercup. Copper and cobalt were also higher in several species, while manganese was high in broad-leaved dock and molybdenum was high in Yorkshire fog. Table 3 . ADF levels are a measure of indigestible portions of the feed, and none of the weed species had ADF levels as high as perennial ryegrass. Ash measures the mineral content of the species, and broad-leaved dock had a significantly higher ash content than ryegrass or white clover. All of the weed species had total crude protein levels similar or higher than those found in white clover.
For all variables measured, there were very few significant differences between plants from conventional dairy pastures compared with those in organic dairy pastures, so they have not been presented here. All trends presented above were the same. Underwood & Suttle (1999) have reviewed the mineral requirements for animals, and discussed the problems caused by deficiencies of macro-and micronutrients. There has been interest for many years in growing "herb" species in pastures to help ensure minerals are not deficient, especially those not present in high concentrations within perennial ryegrass and white clover (Foster 1988) .
DISCUSSION
The results of the present work confirmed that chicory and narrow-leaved plantain are species that will provide significantly higher levels of some minerals than perennial ryegrass and white clover, but also showed that many of the weed species routinely present in pastures also contain high levels of minerals (Tables 1 and 2 ). Also, their feed quality is often comparable with that of perennial ryegrass and white clover (Table 3) .
Some minerals are more useful than others at elevated levels for general animal health (Underwood & Suttle 1999) . On the Massey University dairy farms elevated levels of magnesium are considered useful to assist with metabolic problems and copper deficiency has been diagnosed in cows following drought conditions. Chicory, broad-leaved dock and dandelion contained significantly higher levels of magnesium, while copper was found at significantly higher levels in five different species compared with perennial ryegrass and white clover. Higher levels of copper have been measured from dairy cows on the organic unit than the conventional unit (A. Thatcher, unpubl. data), and copper accumulating plants are considered to be the most likely explanation. Chicory is present only on the organic unit.
Some weed species are not eaten readily, due to chemicals in the leaves, such as ranunculin in hairy buttercup (Connor 1977) and condensed tannins in broad-leaved dock (Waghorn & Jones 1989) , or spines, such as Californian thistle. However, observations at the two dairy units have shown that most weed species are eaten to some extent at various times of the year, especially if pastures are mown prior to cows entering a paddock.
Although some weed species are difficult to tolerate within high producing pastures due to their low palatability, presence of toxins and effect on pasture utilisation, farmers should not ignore the high mineral content of many weed species and thus their potentially useful role within the diet of their cows, especially in organic farming systems where less medicinal remedies are available.
Mineral contents were higher in some plant species than others regardless of whether they were growing on the organic or conventional properties. This is probably because most minerals are at similar levels on both properties despite differences in the types of fertiliser used. Differences in accumulation rates of some minerals between species appear to be much greater than differences in soil mineral levels between the properties.
